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7KHDXWRFKWKRQRXVXQLWVDUHSDUWVRIWKH%H\GD÷ODUÕPLFURSODWHWRWKHZHVWDQGRIWKH$QDWROLDQPLFURSODWHWRWKH
HDVW$QDPDV$NVHNLSODWIRUP


)LJXUH6LPSOLILHOGJHRORJLFDOPDSRIWKH,VSDUWD$QJOHDQGVXUURXQGLQJDUHDV
PRGLILHGIURPùHQHO3RLVVRQHWDO<D÷PXUOXDQGùHQWUN

7KH $QWDO\D QDSSHV FRPSULVH URXJKO\ WKUHH W\SHV RI XQLWV L RSKLROLWHV PDLQO\ SHULGRWLWHV DQG JDEEURV LL
VKDOORZPDULQHSODWIRUPFDUERQDWHVLLLEDVLQDOVHTXHQFHVZLWKLQSODFHVYROFDQLFLQWHUFDODWLRQV9ULHO\QFNHWDO
,QWKHVWXG\DUHD$QWDO\DQDSSHVDUHUHSUHVHQWHGE\,VSDUWDoD\)RUPDWLRQ(DUO\0LGGOH7ULDVVLFUDGLRDULD
FKHUWWXUELGLWLFOLPHVWRQHDQGVDQGVWRQHDQGRSKLROLWLFFRPSOH[)LJXUH)LJXUH
*HQHUDOJHRORJLFDO LQYHVWLJDWLRQVDQGUHSRUWVKDYHEHHQSUHVHQWHGE\g]JO3RLVVRQ*XWQLFHWDO
+D\ZDUG$ND\HW DO *|UPXúÜDQG+DQoHU )OHFNHUHWDO 5REHUWVRQ
6DUÕDQGg]HUDQG3RLVVRQHWDOZKRVWXGLHGWKHVHGLPHQWRORJLFDOFKDUDFWHUDQGWHFWRQLFVRI
WKHVWXG\DUHDDQGHQYLURQPHQWV3HWUROHXPJHRORJLFDOVWXGLHVKDYHDOVREHHQFDUULHGRXW LPSRUWDQWRQHV LQFOXGH
WKHZRUNVRI$OWXQVR\'HPLUHOHWDODQGg]oHOLNHWDO
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
)LJXUH*HRORJLFDOPDSRIVWXG\DUHD
,Q WKLV VWXG\ ZH GHVFULEH RUJDQLF IDFLHV FKDUDFWHULVWLFV RI WKH 7ULDVVLF ,VSDUWDoD\ )RUPDWLRQ VHGLPHQWV RI WKH
$QWDO\D1DSSHVLQWKHZHVWHUQ7DXULGHV,QRUGHUWRGHWHUPLQHWKHDPRXQWVW\SHVDQGPDWXUDWLRQRIRUJDQLFPDWWHU
LQWKHVHVWUDWDRXWFURSVDPSOHVRIFDUERQDWHVDQGVDQGVWRQHVZHUHFROOHFWHG
2UJDQLF)DFLHV,QYHVWLJDWLRQV
7KH 7ULDVVLF ,VSDUWDoD\ )RUPDWLRQ $QWDO\D 1DSSHV KDV EHHQ VWXGLHG ZLWK UHVSHFW WR WKHLU RUJDQLF IDFLHV
FKDUDFWHULVWLFV$ERXWRXWFURSVDPSOHVZHUHFROOHFWHG IURPVXUIDFHVWDWLRQV6HOHFWHGVDPSOHV UHSUHVHQWLQJ
WKH7ULDV VHTXHQFHZHUHREWDLQHG IURPVDQGVWRQH DQG OLPHVWRQHXQLWV LQ ORFDWLRQV)RU DQDO\VLV WKH VHOHFWLRQRI
VDPSOHVZDV EDVHG SULPDULO\ XSRQ FKDQJHV LQ FRORXU W\SH RI OLWKRORJ\ DQG RWKHU VHGLPHQWDU\ FKDUDFWHULVWLFV ,Q
RUGHU WR GHWHUPLQH WKH QDWXUH RI WKH RUJDQLFPDWWHU D QXPEHU RI RUJDQLFSHWURJUDSKLF DQGJHRFKHPLFDO DQDO\VHV
ZHUHPDGH XSRQ NHURJHQ LVRODWHG IURP WKH RXWFURS VDPSOHV 7RWDO RUJDQLF FDUERQ 72& 5RFN(YDO S\URO\VLV
YLWULQLWH UHIOHFWDQFH 5R DQDO\VHVZHUH XQGHUWDNHQ LQ WKH 7XUNLVK 3HWUROHXP5HVHDUFK &HQWUH $QNDUD 7XUNH\
2WKHUPLFURVFRSLFVWXGLHVZHUHFDUULHGRXWLQWKHODERUDWRULHVRI$NGHQL]8QLYHUVLW\$QWDO\D7XUNH\5RFN(YDO
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S\URO\VLVSURYLGHVLQIRUPDWLRQRQWKHTXDQWLW\DQGW\SHRIRUJDQLFPDWWHULQDVHGLPHQWDU\URFNLQDGGLWLRQWRWKH
OHYHORIRUJDQLFPDWXUDWLRQ(VSLWDOLpHWDO6DPSOHVIURPHDFKLQWHUYDOZHUHSXOYHUL]HGDQGDERXWPJ
IURP HDFK VDPSOH ZDV DQDO\VHG XVLQJ D 5RFN(YDO72& DQDO\VHU 5( ,QVWLWXW )UDQFDLV GX 3pWUROH 6WDQGDUG
IROORZLQJWHFKQLTXHVRXWOLQHGE\(VSLWDOLpHWDO

)LJXUH*HQHUDOL]HGVWUDWLJUDSKLFFROXPQVHFWLRQRIVWXG\DUHD )LJXUH&ODVVLILFDWLRQRIWKHNHURJHQW\SHVE\
+\URJHQ,QGH[YV7PD[&GLDJUDP
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.HURJHQ ZDV LVRODWHG IURP WKH URFN PDWUL[ XVLQJ VWDQGDUG SDO\QRORJLFDO SUHSDUDWLRQ SURFHGXUHV 2UJDQLF
SHWURJUDSKLFDQDO\VHVZHUHXQGHUWDNHQXVLQJWUDQVPLWWHGOLJKWPLFURVFRSHVDW$NGHQL]8QLYHUVLW\$QWDO\D7XUNH\
DQGLQWKH5HVHDUFK*URXS/DERUDWRULHVRIWKH7XUNLVK3HWUROHXP&RUSRUDWLRQ9LWULQLWHUHIOHFWDQFHPHDVXUHPHQWV
IROORZHGHVWDEOLVKHGSURFHGXUHV6WDFKHWDO
7DEOHLOOXVWUDWHVWKHYDOXHVRIWRWDORUJDQLFFDUERQDQG5RFN(YDOS\URO\VLVIRUWKH,VSDUWDoD\)RUPDWLRQVDPSOHV
7RWDORUJDQLFFDUERQYDOXHVZHUHPHDVXUHGRQVDPSOHV7DEOH7KHREWDLQHGGDWDVKRZWKDWWKHWRWDORUJDQLF
FDUERQYDOXHVDUHEHWZHHQDQGZLWKDQDYHUDJHDURXQG

7DEOH7RWDORUJDQLFFDUERQDQG5RFN(YDOS\URO\VLVYDOXHV
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72&7RWDO2UJDQLFFDUERQZW6)UHH+\GURFDUERQVLQURFNPJ+&?JURFN6+\GURFDUERQJHQHUDWHGIURPWKHWKHUPDOEUHDNGRZQRI
NHURJHQPJ+&JURFN6&2YDOXHPJ&2?JURFN7PD[0D[LPXPWHPSHUDWXUHR&+,+\GURJHQ,QGH[PJ+&J72&2,2[\JHQ
,QGH[ PJ&2?J 72& 3, 3URGXFWLRQ ,QGH[ PJ+&?J72& 6?6+\GURFDUERQ 7\SH ,QGH[ 3< 3RWHQWLDO<LHOG PJ+&?J72&2)
2UJDQLF)DFLHV/1/RFDWLRQQR616DPSOHQR

7KH WRWDO RUJDQLF FDUERQ FRQWHQWV RI WKH RXWFURS VDPSOHV LQGLFDWH WKDW WKH ,VSDUWDoD\ )RUPDWLRQ KDV LQVXIILFLHQW
RUJDQLFPDWWHUWREHK\GURFDUERQVRXUFHURFNV,QWKHVHGLPHQWVK\GURJHQLQGH[UDQJHVIURPWRPJ+&J72&
ZLWKDQDYHUDJHRIDURXQGPJ+&J72&3, UDQJHV IURP WRZLWKDQDYHUDJHRIDQG7PD[ UDQJHV
IURPWR&ZLWKDQDYHUDJHRI&2UJDQLFJHRFKHPLFDOPHDVXUHPHQWVRIWKHVDPSOHVZHUHSORWWHGRQ
D K\GURJHQ LQGH[7PD[ GLDJUDP )LJXUH  WKH UHVXOWV LQGLFDWH WKDW WKH VDPSOHV FRQWDLQ GRPLQDQWO\ W\SH ,,,
NHURJHQ,Q WKH,VSDUWDoD\VHGLPHQWVK\GURJHQLQGH[7PD[DQGSURGXFWLRQLQGH[VKRZWKDW WKHRUJDQLFPDWWHU LQ
WKHVDPSOHVLVPDWXUHWRRYHUPDWXUH7KHPDLQFRPSRVLWLRQRIRUJDQLFPDWWHULQ,VSDUWDoD\)RUPDWLRQVHGLPHQWV
DUHZRRG\ZLWKPLQRUSRUWLRQRISODQW\
2UJDQLFIDFLHVFODVVLILFDWLRQSURSRVHGE\-RQHVZDVXVHGWRHYDOXDWHRUJDQLFIDFLHV$VDUHVXOWZHZHUHDEOH
WRGLIIHUHQWLDWHRQO\RQHRUJDQLF IDFLHV W\SH7KLVRUJDQLF IDFLHVZDV W\SH'7KHJHRFKHPLFDOSDUDPHWHUVRI WKH
IRUPDWLRQ H[KLELW ' RUJDQLF IDFLHV 7DEOH  2UJDQLF IDFLHV ' LV DVVRFLDWHG ZLWK WKH VDQGVWRQH DQG OLPHVWRQH
OLWKRIDFLHV7KH' IDFLHV FRQVLVWV RI KLJKO\ GHFRPSRVHG UHZRUNHGRUJDQLFPDWWHU7KHVH W\SHV RI RUJDQLF IDFLHV
JHQHUDOO\DSSHDUWREHZHDNO\VRUWHGLQPDULQHDQGODNHVHGLPHQWV2UJDQLFIDFLHV'LVQRJHQHUDWLYHLWFDQEHVDLG
WKDWWKHVDPSOHVRI,VSDUWDoD\IRUPDWLRQKDYHEHHQGHSRVLWHGLQWKHRUJDQLFIDFLHV'
&RQFOXVLRQV
,VSDUWDoD\)RUPDWLRQVHGLPHQWVDUHFKDUDFWHULVHGE\ORZDPRXQWVRIRUJDQLFPDWWHU'XULQJ0HVR]RLFWLPH72&
GHFUHDVHGDQGOLPHVWRQHFRPSRQHQWVEHFDPHGRPLQDQW,QWKHVDQGVWRQHDQGOLPHVWRQHWKHRUJDQLFPDWWHUFDQEH
FODVVLILHGDVW\SH,,,NHURJHQDQGWKHVHVHGLPHQWVLQGLFDWHFDWDJHQHVLVVWDJH
.HURJHQV IURP WKH OLPHVWRQHV DUH GRPLQDWHGE\ZRRG\RUJDQLFPDWWHU2UJDQLFPDWWHU LQ WKHVH VHGLPHQWV LV QRW
VXIILFLHQWIRUK\GURFDUERQRFFXUUHQFHDQGWKHVHGLPHQWVFDQEHSORWWHGLQRUJDQLFIDFLHV'5RFN(YDO7PD[DQG
3URGXFWLRQLQGH[YDOXHVDUHDERXW&DQGOHVVWKDQUHVSHFWLYHO\2UJDQLFIDFLHV'LVUHODWHGWRVDQGVWRQH
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DQGFDUERQDWHOLWKRIDFLHV2UJDQLFIDFLHV'LVQRQJHQHUDWLYHWKHRUJDQLFPDWWHULVKLJKO\R[LGL]HGGHFRPSRVHGDQG
UHZRUNHG

$FNQRZOHGJHPHQW

7KH DXWKRUV ZRXOG OLNH WR WKDQN 5HVHDUFK 8QLW RI WKH $NGHQL] 8QLYHUVLW\ DQG 7XUNLVK 3HWUROHXP &RUSRUDWLRQ
73$27XUNH\IRXQGDWLRQ

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